INTRODUCTION
The mission of the U.S. Geological Survey's Water Resources Division (WRD) is to provide the hydrologic information and understanding needed to best use and manage the Nation's water resources for the benefit" of the people of the United States. To accomplish this, the Division assesses the Nation's water resources in terms of the quality, quantity, and use of water, and develops the knowledge and hydrologic understanding necessary to predict the consequences of alternative plans and policies for developing and using water resources. To assure that hydrologic information is acquired and disseminated efficiently, the Division coordinates Federal water-data acquisition activities, and collects and distributes information about the availability of water data through the National Water Data Exchange (NAWDEX). WRD .also develops and distributes information about natural hazards and other potentially catastrophic events such as floods, mudflows, droughts, and land subsidence. Much of this work is done through cooperation with and funding from Federal, State, and local agencies. o Other Federal Agencies funding by the Federal agencies which request the work.
In addition, a small amount of reimbursable work is done for State and local agencies.
The Federal-State Cooperative Program continues to be the largest component of the Survey's water resources activity. This program was carried out in working partnership with more than 800 State, regional, and local agencies during fiscal year 1983 (see appendix). Joint funding in the Cooperative Program from all sources totaled about $92 million, and comprised almost half the overall WRD program (figure 1). Hydrologic data collection and interpretive investigations were underway in every State, Puerto Rico, and several U.S. territories. Figure 2 shows the location of the principal offices of the Geological Survey's Water Resources Division.
TYPES AND DISTRIBUTION OF ACTIVITIES
Support for the Cooperative Program has increased annually since 1970, when the combined total of Federal and State funds amounted to $35 million. By 1975, the program had grown to $56 million and in 1983 it totaled about $92 million. These funds comprised approximately 58 percent, 55 percent, and 47 percent, respectively, of the overall Water Resources Division program for each of those years.
The Cooperative Program can be considered as consisting of two principal components hydrologic data collection and hydrologic investigations. The ongoing data collection activities include the quantity and quality of surface and ground water, fluvial sediment transport, and the quantity and quality of precipitation. Hydrologic investigations include ^regional, State, county, and and site-specific studies, as well as applied research. The total number of hydrologic investigations and various types of data-collection activites underway in each State in the FY 1983 Cooperative Program are listed in The data-collection component is extremely important because it provides the foundation of knowledge needed for developing and managing the Nation's water resources. The data also are essential in forming much of the basis for hydrologic investigations and research. Cooperative Program funding for data-collection activities and hydrologic investigations from 1973 to 1983 is shown in figure 3 . Each component accounts for approximately half the funding every year. In FY 1983, it is estimated that the data-collection amounted to about 46 percent of total program funds.
A comparison of Cooperative Program expenditures on various types of hydrologic data collection for 1973, 1978, and 1983 is provided in table 3. The collection of surface-water quantity data accounts for more than 60 percent in each of the years. Collection of precipitation data is the smallest of the group most of the Nation's data in this area are collected by the National Weather Service and Cooperative Program activities are typically geared to special studies. The collection of ground-water data has accounted for an increasingly significant part of the expenditures 12 percent in 1973, 16 percent in 1978, and almost 20 percent in 1983 . During the period, total funding for data collection has essentially doubled, with about $21 million in 1973 to about $42 million in 1983.
The program component including hydrologic investigations and research provides water-resources information that is valuable for a wide variety of activites to Federal, State, and local agencies, to universities, to the consulting community, and to the general public. Table 4 provides a listing of the anticipated primary uses of the results of this part of the program as identified for investigations underway during the 1983 fiscal year. The anticipated uses include water supply, pollution control, international apportionment, waste disposal, and hydroelectric power. These diversified uses are indicative of the wide range of needs for, and interests in, hydrologic information produced by the program activities. FY 1973 FY -1983 Ensuring a supply of clean water is being described by many experts as the "next American crisis." The nationwide deterioration in the quality of water supplies for domestic, municipal, industrial, and agricultural uses is a growing problem, which affects human health as well as the economy. In spite of considerable progress in solving complex water problems, stresses impacting the quality of the surface and ground waters are multiplying. Thus, the need for water-quality information continues to increase in order to assess the severity and status of the problem and to evaluate the impacts and effectiveness of remedial measures that have been instituted.
Ground water supplies drinking water for at least half of the Nation's population. In some places, especially in densely populated and industrialized areas, disposal of toxic wastes has made much of the ground water unsafe for use. As a result, there is a great need for continued expansion of water-quality investigations to allow development of reliable ground-water supplies and economic disposal of toxic wastes. Ground-water contamination problems may be localized or may spread over a large area, depending on the contamination source and the nature of the ground-water flow system. For an isolated point source of contamination, such as an industrial disposal pond, the consequences may be severe in magnitude but only local in extent. In some places, however, many separate industries located over a large area are contributing to widespread and severe contamination. The Nation's rivers have historically been used for water supplies, dilution of wastes, recreation, commerce, and for production of fish and other aquatic crops. These uses are not all compatible, and over time many problems have surfaced which managers have attempted to solve. Several years ago, the Geological Survey developed in its Federal Program a river-quality assessment thrust, aimed at producing hydrologic information in a number of demonstration areas that would be useful to all concerned. As a result of the knowledge gained in this thrust program, the Geological Survey is continuing to expand techniques and applications through the Federal-State Cooperative Program. These investigations are designed to provide management options with regard to treatment of wastewater, periods of storage release for dilution water, and assessment of compatible uses of the river. Moreover, the effects of groundwater inflow on streams are analyzed, so that decisions involving river management can be based on a comprehensive understanding of the hydrologic system. Acid rain is another example of a problem addressed under both the Federal and the Federal-State Cooperative Programs. Acid rain is thought to have impaired the quality of many lakes in the northeastern United States and contributed to extensive fish kills. The problem may become more widespread depending on causative factors. The Federal Program element deals with more general, nationwide, and international aspects of the problem, whereas the Federal-State Cooperative Program includes the following types of activities: (1) perform hydrologic investigations in specific areas susceptible to damage by acid rain, (2) document the degree to which water quality in specific locales is being affected by atmospheric depostion, (3) investigate the movement of contaminants from acid rain in surface and ground water, and (4) determine the role of acid rain as a contaminant to the ecosystem.
Of growing concern is the cumulative impact of pollution from diffuse sources, such as septic tanks, sanitary landfills, hazardous waste disposal, airblown debris, and agricultural return flow. The impact of urban runoff on water quality needs to be further defined so that the billions of dollars being spent for waste treatment can be optimally used. Runoff from urban areas is adversely impacting the quality of many streams, and also finds its way into aquifers and recharge areas, thereby degrading the quality of ground water as well. The Geological Survey structures investigations to define the quality and quantity of storm-water runoff from urban watersheds in a variety of hydrologic settings across the Nation. Such investigations typically are intended to define the extent of the problem, to provide a data base to be used in selecting alternative solutions, and to demonstrate the effectiveness of selected stormwater management practices.
Thus, priorities for data collection and hydrologic investigations are based on a detailed analysis of water problems and issues facing the country. At the local level, the problem identification process is carried out through discussions with State and local cooperators, Federal agency officials, and the general public. At Headquarters, additional perspective on problems is developed through advice from the Federal and non-Federal Advisory Committees (U.S. Geological Survey, 1979) , the expressed desires of other Federal agencies for water information, and policy guidance from the Director, USGS, the Department of the Interior, the Office of Management and Budget, and the Congress.
The information needs of other Federal agencies are accommodated in the planning of WRD's water-resources investigations at the local, regional, and national levels. Field personnel, for example, are in frequent contact with their counterparts in agencies such as the Corps of Engineers, Bureau of Land Management, and the Environmental Protection Agency. In addition, conferences with State and Federal water agencies are held periodically to discuss desired hydrologic investigations and water information and to identify new water problem areas.
It is important to stress that the process of identifying water problems of the Nation is not regarded by the USGS as an exclusive Federal prerogative. Through communication channels established by the Cooperative Program, State and local agencies have a meaningful voice in informing and advising the Federal Government of water resources concerns and issues that warrant attention. Additional information in this regard is provided by Gilbert and Buchanan, 1981. Principal emphasis of new work undertaken in FY 1983 was on current concerns such as ground-water contamination, water supply and demand, stream quality assessments, water use, and hydrologic hazards. Other topics of high priority were acid precipitation, energy hydrology, erosion and sedimentation, urban hydrology, and wetlands, lakes, and estuaries assessment.
Each year, cooperator proposals typically exceed Federal funds available for matching by several million dollars. An innovative process was begun as of the 1983 fiscal year to introduce an added dimension for allocation of Federal matching dollars on a national basis to specific investigations. In brief, $1 million from the Cooperative Program appropriation was identified to match proposed cooperator offerings for investigations selected on the basis of a merit ranking system. This system provided for an evaluation of each investigative proposal based on: the potential for transferring the knowledge to be gained to other locations; the originality and quality of the scientific approach; and the anticipated contribution of the investigative results to the advancement of science and technology.
The top 16 of the 33 proposed investigations were chosen for funding under the merit ranking procedure. Although it is highly probable that these investigations would have been funded under normal procedures, the system seems to have produced worthwhile results. The program development process has been strengthened because of the increased deliberation among the four WRD regional offices during the merit ranking. Incentive has been added for the planning and development of high quality proposals, and technology transfer has been enhanced through closer interaction of operational and research programs.
Progress on completion of the selected investigations and associated results will continue to be monitored for further evaluation of the process. Maanwhile, plans are to continue the merit system for next year at about the same level as in 1983.
RELATIONSHIPS WITH OTHER PROGRAMS
The USGS regards the Cooperative Program as a funding mechanism which is used to carry out part of a coordinated program of water resources investigations. In many places, the Cooperative Program provides the only source of support for water data collection and investigations required to assess, on a continuing basis, the Nation's water resources. The water-data programs of USGS are described by Gilbert and Buchanan, 1982. At the national level, the Survey's Office of Water Data Coordination (OWDC) has been specifically charged with the task of annually soliciting plans and needs for water-data acquisition from all Federal agencies concerned with water resources as part of its data coordination responsibilities under 0MB Circular A-67.
Additional information about the needs of Federal agencies and technical advice about improvements of existing water-information programs are obtained from annual meetings of OWDC's Interagency Advisory Committee on Water Data which represents more than 30 Federal agencies. The USGS also uses special program coordination committees such as those with the National Oceanic and Atmospheric Administration, the Bureau of Land Management, the Environmental Protection Agency, and the Soil Conservation Service to assure the development of mutually supportive and complementary programs. OWDC distributes lists of Federal agency information needs and the recommendations of the Interagency Advisory Committee on Water Data to WRD Regional and District Offices for their use in planning the total WRD programs, including that portion funded by the Federal-State Cooperative Program. The Federal-State Cooperative Program has pooled limited Federal, State, and local resources in order to acquire hydrologic information and knowledge of mutual interest and benefit that otherwise would have been beyond the financial means of the individual agencies. The benefits from pooling resources continue today to be a major driving force behind the program. Over the 80 year history of the program, the Nation has benefited from the Cooperative Program in the following ways:
o Reduces by 50 percent the cost to the Federal Government of gathering the data and conducting studies that otherwise might be carried out by the Federal Program. o Enlarges the network through which hydrologic information is shared among decisionmakers in the water-resources community and, thereby, enhances prospects that water-management decisions will be based on sound hydrologic principles and information.
o Assures uniformity and consistency in water-information activities by maintaining standards for collection and analysis procedures.
o Provides the means of coordination to avoid duplication in Federal, State, and local water-information programs.
o Encourages the development of hydrologic expertise to apply to the identification and resolution of State and local water problems.
In addition, the Cooperative Program directly complements and supplements many Federal agency activities. Some of the major users of information from the Cooperative Program include:
o National Weather Service (NWS) to forecast floods. Of the more than 2,000 USGS gaging stations used by NWS, more than one-half are supported by the Cooperative Program. o National Park Service to manage and protect water resources on park lands, to help assure visitor safety, and to develop water supplies to meet the needs of visitors and employees.
In addition to planned use of Cooperative Program data and analyses, this information adds to the existing national store of hydrologic knowledge which can be drawn upon in times of need. For example, the Federal (and State) response to situations such as the Three Mile Island nuclear accident, the eruption of Mount St. Helens, and the 1980-81 drought depended heavily upon the data-collection activities already in place and the existing store of hydrologic knowledge acquired through the Cooperative Program.
REPRESENTATIVE ACTIVITIES
The Federal-State Cooperative Program in fiscal year 1983 continued to concentrate on water-resources investigations of highest priority to the Nation. A few of the representative activities are described below.
SLIDELL, LOUISIANA: Backwater and Flow Distribution of Pearl River Floods
Severe flooding on the lower Pearl River in the vicinity of Slidell, Louisiana, occurred in April of 1979 April of , 1980 April of , and 1983 . Each flood approached or exceeded a 100-year frequency of recurrence. The chance for three such floods happening within a 4-year span is about 1 in 10,000.
Following the 1980 flood, the USGS in cooperation with the Louisiana Department of Transportation and Development, Office of Highways, began a study of backwater and flow distribution of the 1-10 Interstate Highway crossing of the Pearl River near Slidell. A finite element model has been developed to simulate flow conditions through the existing bridge openings. The model may also be used to simulate conditions without 1-10 in place, the effects of alternative bridge designs, or modifications to the existing bridge.
In the vicinity of Slidell, the Pearl River occupies a flood plain about 5 miles wide that is but slightly incised below the surrounding land. Just upstream from 1-10 at Slidell, the river splits into three distributary channels with the main channel running along the west bank of the flood plain. During floods, however, water will cover the entire flood plain. Streamflow, rather than being concentrated along the main channel that parallels the west bank, shifts to the east side of the flood plain. With 1-10 embankments and bridge openings, flow shifts from the west to the east bank further upstream than it would were the highway not present. Results of the investigation show too, that the 1-10 crossing and the resultant shift in flow distribution also affect the height and area of backwater.
PAGAN ISLAND, NORTHERN MARIANAS: Effects of Volcanic
Activity on Water Quality
The entire population of Pagan Island, in the Commonwealth of the Northern Mariana Islands, was evacuated to Saipan because of a volcanic eruption in May 1981. The volcano is a potentially explosive one; eruptions about 1920, necessitated evacuation of the population for several years. The people should not return home until their water supply is no longer contaminated. Under a joint-funding agreement, USGS is investigating the quality of water in the vicinity of the villages on Pagan Island.
A field reconnaissance was carried out in March 1983. Members of the party included seismologists and volcanologists from the Survey's Geologic Division, as well as engineers and chemists from Water Resources Division. Water samples were collected from numerous sources, and gas and vapor samples were collected at the volcano. A radio transmitter was installed to relay data on rainfall, seismic events, and harmonic tremors directly to the Honolulu District office via GOES satellite.
Results of this work will determine whether or not the water supply is potable and may give some indication of trends in volcanic Activity.
ILLINOIS: Ground-Water Flow and Tritium Migration from
Sheffield Low-Level Radioactive Waste Site A sand and gravel unit underlying 67 percent of the Sheffield low-level radioactive-waste disposal site in Illinois extends to a strip-mine pond located 275 meters northeast of the nearest trench where waste is buried. As part of a study of the hydrogeology east of the site, a number of test wells were drilled. Tritium was detected in water samples from two of these wells located a few hundred meters east of the site.
In cooperation between USGS and the Illinois Department of Nuclear Safety, an additional 20 wells have been drilled in an effort to determine the areal extent of the tritium plume, the source of the tritium, and the nature of the release. One tritium migration pathway has been identified along a buried sand-and-gravel-filled channel. Tritium was found to be discharging through seeps to the strip-mine pond. Detailed information obtained from drilling test wells suggest that other pathways may also be present.
NEW MEXICO: Unexpected Results of Streamflow and Ground-Water Investigations
Investigations in cooperation with the Pecos River Commission, the New Mexico Environmental Improvement Division, and the city of Albuquerque are designed to provide information describing Streamflow in the Pecos River and groundwater conditions in the Albuquerque-Belen basin. Recent results show that previous concepts about these hydrologic systems may need to be revised.
Studies of the Pecos River between Artesia and Carlsbad indicate that in the last several years base flow has not increased as much as expected as a result of clearing phreatophytes (salt-cedar). Base-flow was projected to increase about one acre-foot per acre, but analysis of Streamflow records reveal only about one-fourth that amount.
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In the Albuquerque-Belen basin, reconnaissance investigations of ground-water quality have detected unexpected concentrations of organic chemicals. One municipal well has been shut down as a result of the sampling program. In addition, water-level measurements have determined that ground-water movement is away from the Rio Grande, toward the eastern border of the basin* Thus, movement of contaminants may be in a direction opposite to that originally thought.
YAMPA RIVER BASIN, COLORADO: Cumulative Effects of Coal Mining on Dissolved Solids
A cooperative investigation is underway in a major coal-mining area of Colorado to provide the Mined Land Reclamation Division of the Colorado Department of Natural Resources with information for evaluating the cumulative impacts of coal mines on water quality. Results from a streamflow simulation model indicate the concentration of dissolved solids could increase by about 65 percent in Yampa River tributaries due to present and anticipated mining activities. In the Yampa River main stem, downstream from the mining area, dissolved solids might increase by about 5 percent. Analysis of the preliminary model results has enabled identification of additional sites where streamflow and water-quality data are needed to refine the model and to efficiently monitor the effects of coal-mining activities.
NORTHEASTERN WEST VIRIGINIA: Hydrologic Effects of Underground
Mining and Mine Collapse USGS in cooperation with the West Virginia Geological and Economic Survey has investigated the effects of underground mining and mine collapse on the areal hydrology at sites where the mined bed of coal is higher in altitude than major streams. The sites are located in northeastern West Virginia near Norton and Famington.
The investigations reveal that subsidence cracks observed at land surface generally parallel predominant joint sets in the rocks. The mining and subsidence cracks increase hydraulic conductivity and interconnection of waterbearing rock units, which in turn cause increased infiltration of precipitation and surface water, decreased evapotranspiration, and higher base flows in some small streams.
Water levels in observation wells in mined areas fluctuate as much as 100 feet annually. Both gaining and losing streams are found, and mine pumpage and drainage can cause diversion of water underground from one basin to another. Aquifer tests indicated that near-surface rocks have higher transmissivity in mine-subsided basins than in unmined basins. Increased infiltration and circulation through shallow subsurface rocks increases dissolved mineral loads in streams, as do treated and untreated contributions from mine pumpage and drainage. Abandoned and flooded underground mines may be used as reservoirs because of their increased transmissivity and storage.
SOUTH-CENTRAL ARKANSAS: Saltwater Contamination in the Sparta Sand Aquifer
The Sparta Sand formation in south-central Arkansas is a sole-source aquifer for municipal and industrial use in Union County. Since 1965, pumpage has averaged 18 million gallons per day, causing a significant decline in water levels in the aquifer. As water levels have declined, sodium chloride concentrations have increased in water from some wells in the El Dorado, Arkansas, area. In cooperation with the Arkansas Geological Commission and the city of El Dorado, the USGS was asked to investigate the problem, beginning in March 1982.
Early geochemical evidence pointed to the underlying Nacatoch Sand as the probable source of the saltwater. However, measurements of hydraulic heads and geochemical analyses preclude the Nacatoch as a source. Analysis of chloride data and lithologic logs shows a distinct graben (a trough bounded by faults) south and east of El Dorado. Indications are that heavy pumping in the El Dorado area is pulling the saltwater through the graben into the Sparta Sand in the El Dorado area.
The city of El Dorado had planned to drill a new well adjacent to the graben, with additional wells to be drilled southeast of El Dorado. Discovery of the graben as the source of saltwater has already saved the city thousands of dollars that might have been spent on the new well, and will continue to save money as now the graben area will be avoided for future ground-water development. Industry and other municipalities also will save millions of dollars that might have been wasted on drilling wells near the graben.
SALT LAKE CITY, UTAH: Contaminants Detected in the Shallow Aquifer
A cooperative investigation with the Utah Department of Natural Resources and Salt Lake County, Division of Flood Control and Water Quality, has identified plumes of contamination that are believed to originate from abandoned landfills and other waste disposal sites. Relatively high concentrations of cadmium, iron, sulfate, and several organic compounds are contained in shallow ground water, which is moving toward and discharging to the Jordan River. The deep aquifers, which are used for municipal, industrial, and irrigation supplies, do not seem to be affected.
SAN DIEGO COUNTY, CALIFORNIA: Potential for Use of Reclaimed Water
Reclaimed water use is contemplated as an alternative to irrigation with imported water and as a supplement to natural recharge in three small areas in San Diego County, California. During a preliminary evaluation, the area was studied to determine suitability for reclaimed water use.
Reclaimed water use in the San Dieguito area would be primarily within the alluvial aquifer where storage is estimated to be 52,000 acre-feet. The alluvial aquifer has been intruded by seawater and water from surrounding marine sedimentary rock. In 1981-82, dissolved-solids concentrations ranged from 1,350 to more than 20,000 milligrams per liter. Only small areas in alluvium-filled side canyons yielded water having dissolved-solids concentrations less than 1,000 milligrams per liter. A seasonally high water table, lack of a consistent source of recharge, seawater intrusion, and intrusion of ground water from surrounding marine sedimentary rock may affect reclaimed water use plans.
In the San Elijo area, water levels are at or near land surface throughout much of the alluvial aquifer, restricting reclaimed water use to suitable soils in upland areas. The small storage capacity in the alluvial aquifer (8,500 acre-feet) may limit manipulation of the ground-water table within the alluvium.
Reclaimed water use in the San Pasqual area would be primarily within the alluvial aquifer although some soils in upland areas could accept reclaimed water. Ground-water storage within the alluvium is estimated to be 58,000 acre-feet. In 1981-82, dissolved-solids concentrations ranged from less than 400 milligrams per liter in the upper part of the basin to 1,900 milligrams per liter in the discharge area. Irrigation return from imported water is partly responsible for the high concentrations of dissolved solids found in some areas of the alluvial aquifer.
Presently, ground water is of limited value as a water-supply. Reclaimed water use is feasible and expected to improve ground-water quality, creating a new source of water for agricultural use.
OUTLOOK FOR NEXT YEAR
Major national concern continues to focus on ground-water contamination and surface-water quality as well as on traditional interests in water availability. Additional high-priority investigations in the Cooperative Program in these areas will embrace a wide variety of water-resources problems and needs, including analyses of the effects of water quality on supply and demand, acid precipitation, and the contamination of surface and ground waters by urban runoff* Some of the Nation's major water issues of the 1980*s as identified by the Geological Survey through its contacts with Federal, State, and local agencies as well as the private sector and the general public, are listed below.
Water availability and competition for water Population growth, especially in the Sunbelt States, national goals to expand agricultural production and energy-resource development, and water rights of the State and Federal Governments, Indian tribes, and private individuals have increased competition for available water supplies. Principal uses competing for water are: Water-quality degradation Water availability cannot be separated from water quality because the usability of existing supplies depends on the quality. In some areas degradation of surface and ground waters is due to:
o Nonpoint-source pollution, such as runoff or recharge from agricultural and urban areas.
o Toxic wastes as a result of numerous chemcial compounds now in use.
o Saltwater intrusion as a result of ground-water pumping.
o Acid rain, which is thought to be responsible for the acidification of surface water.
Management of water and land resources The hydrologic system does not conform to political boundaries and development of water resources in one State can affect the availability and use of water in other States. Hydrologic information in understandable form can help those who evaluate policy options to determine the effects of prior decisions and to guide future decisions.
Water information resulting from the Federal-State Cooperative Program will contribute to the scientific basis for management decisions at the local, State, and Federal levels and will fill critical gaps in ongoing and planned activities by the Geological Survey and other agencies. The collective results of the individual studies provide the foundation upon which regional and national assessments of water resources are based.
25

